Introduction
Alkaline phosphatase (ALPase) activity in crevicular fluid1) or dental plaque2) has been reported to be associated with the progression of periodontal disease. Bacteroides (Porphyromonas) gingivalis is frequently detected in periodontal pockets and is thought to be one of the most significant pathogens in adult periodontitis.
While some kinds of proteases3-5), hemagglutinin6) and bacterial aggregating activity7) have been associated with pathogenicity of B. gingivalis, the bacterium is also known to have high activity of ALPase8-10) in addition to these virulence factors, and the enzyme is thought to be associated with alveolar of EDTA and was completely inhibited by the addition of 0.1 mM EDTA ( Fig. 1-A) . However, the enzyme activity was restored by the addition of some kinds of divalent metal ions. The enzyme activity was slightly restored by the addition of Mg2+, Cu2+, and Ca2+, it was completely restored by the addition of 0.2 mM Zn2+, and it was increased beyond the original value by the addition of 0.2 and 2 mM Mn2+ ( Fig. 1-B) .
Optimal pH and specific activity of the enzyme were affected by the presence of some kinds of divalent metal ions (Fig. 2) . In the absence of divalent metal ions, optimal pH of the enzyme was close to pH 9.2 and specific activity was estimated to be 160 units/mg in 0.1 M glycine-NaOH buffer (pH 9.2). The enzyme activity was accelerated by the addition of some kinds of divalent metal ions and was exceptionally accelerated in the presence of 1 mM Mn2+. While optimal pH almost did not change in the presence of 1 mM Cu2+, it changed to a higher value in the presence of 1 mM Mn2+, Zn2+ and Mg2+. In the presence of 1 mM Mn2+, optimal pH was close to 10.2 and specific activity of the enzyme in 0.1 M glycine-NaOH buffer (pH 10.2) was 7 times higher than in the same buffer (pH 9.2) containing no divalent metal ions.
The binding state of divalent metal ions (Mn2+or Zn2+) to the enzyme was measured and the results are shown in Fig. 3 . The purified enzyme without preincubation was accelerated by the addition of both Zn2+ and Mn2+ as shown in Fig. 3 -C. Even though the purified enzyme was preincubated with either Mn2+ (Fig. 3-A) or Zn2+ (Fig. 3-B) , after demineralization of the treated solution by a centrifugal column, the enzyme was accelerated by the addition of either Mn2+ or Zn2+, similar to the untreated enzyme.
Discussion
Mammalian ALPase and bacterial ALPase of Escherichia coli are known to be metalloenzymes containing Zn2+16) However, it is unknown whether the ALPase of the periodontitis pathogen is a metalloenzyme or not. The enzyme purified from B. gingivalis 381 had a specific activity of 160 units/mg in 0.1 M glycine-NaOH buffer (pH 9.2) containing no divalent metal ion. Although the enzyme activity was completely inhibited by0.1mM EDTA, the activity was restored by the addition of some kinds of divalent metal ions ( Fig. 1) , especially Mn2+ and Zn2+. These findings suggest that the ALPase of B. gingivalis may be a metalloenzyme containing Mn2+ or Zn2+. Furthermore, specific activity and optimal pH of the enzyme were affected by some kinds of divalent metal ions (Fig. 2) . The physiological function of ALPase, even in mammals, is not known and these effects of divalent metal ions on enzyme activity might be associated with the physiological function of B. gingivalis ALPase.
Since demineralization of the enzyme solution preincubated with Mn2+ or Zn2+ nullified the accelerating effects of the divalent metal ions (Fig. 3) , these metal ions related to acceleration of the enzyme activity might be very weakly bound to the enzyme or free from the enzyme. Mn2+ strikingly accelerated the enzyme activity and a specific activity of 1190 units/mg was observed at pH 10.2 in the presence of 1 mM Mn2+. However, Km value of the enzyme for p-NPP at pH 10.2 in the presence of Mn2+ was 5 times higher than that at pH 9.2 and Mn2+ was unstable at alkaline pH. In other words, the effect of Mn2+ on the enzyme activity does not necessarily reflect the physiological kinetics of the enzyme. However, interaction between the enzyme and these divalent metal ions must be clarified for understanding of the physiological function of the enzyme.
